1. Introduction {#s1}
===============

Buprenorphine is a Schedule III partial μ-opioid receptor agonist. Analgesic responses from buprenorphine at 0.3 to 0.4 mg intramuscular doses and 0.4 mg sublingual doses are reported to be more effective than a 10 mg intramuscular dose of morphine in postoperative pain patients.^[@R8],[@R15],[@R17],[@R20],[@R25],[@R29],[@R43],[@R50]^ Relative to other opioids, buprenorphine has attributes that may provide an improved risk-benefit profile for treating chronic pain.^[@R36],[@R43]^ The partial agonist activity at the μ-opioid receptor, combined with its high affinity for and slow dissociation from the receptor, differentiates buprenorphine from other μ-opioid agonists. Like other opioids, buprenorphine has been shown to depress respiration, but unlike other opioids, the effects are reported to have a ceiling.^[@R5],[@R12],[@R13],[@R53]^ Buprenorphine seems to produce a lower level of "drug liking" than other opioids,^[@R15],[@R30],[@R53]^ leading to its approval for the treatment of opioid addiction. However, its poor oral bioavailability (∼10%) has limited its use for treating pain, and alternative formulations have been developed.

A transdermal formulation of buprenorphine is currently available in the United States for treating pain and is available in 5 dosage strengths: 5, 7.5, 10, 15, and 20 μg/h. Doses of 10 μg/h or higher have been shown to be effective in patients taking a morphine sulfate equivalent (MSE) dose \<80 mg/d.^[@R51]^ However, the absolute bioavailability of transdermal relative to intravenous buprenorphine, following a 7-day application, is 15%.^[@R6]^ This low bioavailability and narrow range of effective doses (10-20 μg/h) may limit its use in some patients.^[@R6]^

A buccal film of buprenorphine (BBUP) has been developed and recently approved for management of chronic pain, severe enough to require around-the-clock, long-term opioid treatment (Belbuca; Endo Pharmaceuticals, Malvern, PA). Buccal buprenorphine uses a BioErodible MucoAdhesive (BEMA; BioDelivery Sciences International, Inc, Raleigh, NC) technology composed of flexible, water-soluble polymeric films that adhere to the moist buccal mucosa and erode over a period of minutes.^[@R3]^ In this delivery system, buprenorphine bioavailability is 46% to 65%, and its area under the curve increases in a dose proportional manner over approximately a 10-fold dose range.^[@R23],[@R24]^ Buccal buprenorphine may therefore provide an additional treatment option for patients with chronic pain, including those taking \>80 mg/d MSE for pain control.

The aim of this study was to determine the analgesic efficacy of BBUP every 12 hours (Q12h) in opioid-experienced patients (including those taking up to 160 mg/d MSE) with moderate to severe chronic low back pain (CLBP) using around-the-clock opioid analgesics for an extended period.

2. Methods {#s2}
==========

2.1. Participants {#s2-1}
-----------------

Adult (≥18 years) opioid-experienced patients (30-160 mg/d MSE) with moderate to severe CLBP were enrolled. Back pain was nonneuropathic (classes 1 and 2), neuropathic (classes 3-6), or symptomatic for \>6 months after low-back surgery (class 9) at the time of screening based on the Quebec Task Force Classification for Spinal Disorders.^[@R44]^ Patients with cancer-related pain or any other chronic painful condition that in the investigator\'s opinion would interfere with the assessment of CLBP were excluded. In addition, patients with a history (\<5 years) of alcohol abuse, substance abuse, or substance dependence according to *Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition* criteria, or with a positive urine toxicology screen for drugs of abuse (nonprescribed amphetamines, benzodiazepines, barbiturates, cannabinoids, or cocaine) were not eligible. The use of monoamine oxidase inhibitors, oral corticosteroids, chemotherapy, class IA and III antiarrhythmic medications, or any medication, nutraceutical, or herbal product with cytochrome P450 3A4 inhibiting or inducting properties was prohibited during the study.

2.2. Study design {#s2-2}
-----------------

This was a double-blind, placebo-controlled, enriched-enrollment, randomized-withdrawal (EERW) study comparing buprenorphine HCl buccal film (BEMA) to a placebo buccal film ([ClinicalTrials.gov](http://ClinicalTrials.gov), Clinical Trial ID NCT01675167). The EERW study design is a well-accepted design for the evaluation of chronic pain in pivotal phase 3 studies.^[@R19],[@R52]^ The EERW design is regarded as an appropriate and sensitive design to evaluate the efficacy of opioid analgesics, in part through a minimization of placebo response.

The study was conducted at 66 investigative sites throughout the United States. A total of 66 sites in the United States screened at least 1 patient (Addendum <http://links.lww.com/PAIN/A328>). The study design (Fig. [1](#F1){ref-type="fig"}) included a screening phase (2 weeks); an opioid taper phase (up to 4 weeks); an open-label BBUP titration phase (up to 8 weeks, including at least 2 weeks at a stable optimal dose); a double-blind, placebo-controlled, randomized, withdrawal treatment phase (12 weeks); and a follow-up phase (2 weeks). The buprenorphine buccal films were provided in dose strengths of 150, 300, 450, 600, 750, and 900 μg. All study medications were provided by the sponsor; investigators at each study center site enrolled patients and administered placebo or buprenorphine buccal films. All patients, investigators, and staff employed by the investigators or sponsor were blinded to treatment assignments.

![Enriched-enrollment randomized-withdrawal design.](jop-157-2517-g001){#F1}

Before the taper phase, additional as-needed (PRN) analgesic rescue medications were permitted on top of the stable daily maintenance dose of ≥30 mg MSE opioid analgesics, but they had to be included in the total daily MSE calculation and, in combination with the stable daily maintenance dose, were not allowed to exceed 160 mg/d MSE. Patients recorded their daily opioid and nonopioid analgesic medication use and completed the numerical rating scale (NRS) pain assessment (0 = no pain to 10 = pain as bad as you can imagine) daily throughout the study, using an interactive voice recognition/website system (IXRS). Opioid doses were tapered to ≤30 mg MSE per day, and before entering open-label titration with BBUP, patients had to report mean average daily pain-intensity scores ≥5 for 3 consecutive days during either screening or opioid taper. Patients were permitted to use hydrocodone/acetaminophen (HC/APAP) 5 mg/325 mg (PRN Q6h with a maximum of 4 tablets per day) as analgesic rescue throughout the rest of the opioid taper phase if required.

When patients received ≤30 mg MSE for at least 3 days and all other applicable inclusion criteria were met, they advanced to the open-label titration phase starting with a 150-μg or 300-μg dose of buprenorphine HCl buccal film Q12h, depending on their opioid dose at the end of screening. BBUP doses were increased progressively every 4 to 8 days until a 3-day mean pain score ≤4 or a dose of 900 μg Q12h was reached. Patient responders (NRS pain scores ≤4 for 14 days) to the dose range who found BBUP to be well tolerated (as judged by the investigator) and required no more than a single dose of HC/APAP (≤10/650 mg) as rescue during each of the previous 7 days were randomized to buprenorphine or placebo.

Patients were eligible for randomization if their mean pain-intensity score was ≤4 and at least 2 NRS points less than their pain score either at the end of the opioid taper or at screening. After titration to their optimal dose, patients were stratified by their buprenorphine buccal film dose and randomized 1:1 within the strata to receive buprenorphine HCl buccal film or placebo buccal film Q12h for 12 weeks. Patients were enrolled by investigators at each study center. Randomization codes were generated by the sponsor or designee to ensure that the appropriate number of patients were allocated to each treatment group at randomization. The randomization codes were stored in a secure electronic format within the IXRS system. To minimize the risk of opioid withdrawal in patients randomized to placebo, up to 2 doses per day of opioid rescue medication (1-2 tablets of 5/325 mg HC/APAP per dose) were permitted for the first 2 weeks in all patients; thereafter, 1 dose per day was permitted. Patients who required \>1 dose per day of rescue medication on \>2 occasions between visits were withdrawn from the study. In addition, patients who experienced moderate opioid withdrawal (Clinical Opiate Withdrawal Scale score ≥13) within 2 weeks of randomization were withdrawn from the study. At the completion of the 12-week study period, patients discontinued all study medication and either entered an open-label extension study or were treated as judged appropriate by their physician.

The trial was conducted in accordance with International Conference on Harmonisation Good Clinical Practice and the Declaration of Helsinki. A central institutional review board (Schulman Associates IRB, Cincinnati, OH) approved the study protocol and informed consent. All patients were informed of the risks and nature of participation and provided written informed consent prior to any study procedures being performed.

### 2.2.1. Efficacy evaluations {#s2-2-1}

Patients reported their average daily pain-intensity scores, study medication use, and rescue medication use once daily using the IXRS. The Patient Global Impression of Change (PGIC; scale, 1 \[no change since beginning treatment\] to 7 \[a great deal better\])^[@R18]^ was completed at baseline (before randomization) and at the last visit of the double-blind treatment phase. The 24-item Roland Morris Disability Questionnaire (RMDQ; scale, 0 \[best functionality\] to 24 \[worst functionality\])^[@R2],[@R47]^ was completed at the beginning of the open-label titration phase, at randomization, 28 days after randomization, and at the last study visit.

### 2.2.2. Safety evaluation {#s2-2-2}

Adverse events (AEs), either reported by the patient or as noted by the investigator during physical examinations, were recorded.

2.3. Statistical analysis {#s2-3}
-------------------------

The primary efficacy variable and secondary efficacy variables (except for patient-reported outcome measures) were analyzed using the intent-to-treat population, which comprised all patients who were randomized and received ≥1 dose of double-blind study medication. The primary endpoint was the change in mean average daily pain score from baseline (at randomization) to week 12 of the double-blind treatment period and was analyzed using an analysis of covariance (ANCOVA) with treatment and covariates of screen pain-intensity score (before the open-label titration phase) and baseline pain-intensity score (before randomization) as effects. Missing values due to study discontinuation were imputed before the analysis as follows: (1) AEs/tolerability: using the screening-observation-carried-forward imputation; (2) lack of efficacy: using the last-observation-carried-forward (LOCF) imputation; (3) opioid withdrawal: using the baseline-observation-carried-forward (BOCF) imputation; and (4) other: using multiple imputation procedures. The screening-observation-carried-forward, BOCF, and LOCF imputations were implemented before multiple imputations. The initial sample size calculation had 90% statistical power (2-sided test; alpha = 0.05) to detect a mean (SD) difference of 1.0 (2.6) between buprenorphine HCl buccal film and placebo and was determined to be 142 subjects per arm. Based on a prespecified sample size reestimation at the interim analysis, the study sample size was increased from 142/arm to 250/arm to give a conditional power of 83%. Thus, the protocol was updated (amendment \#3) on November 6, 2013, to revise the number of patients to be enrolled as required by the prespecified sample size reestimation. The adjusted *P* value, estimate of treatment difference, and its corresponding 95% 2-sided CI were calculated for the primary analysis using Cui-Hung-Wang/Lawrence-Hung methods (with weighted *Z*-statistics) to preserve the overall type I error rate \<0.05.^[@R11],[@R39]^

Secondary efficacy endpoints included proportion of responders and change from baseline in PGIC and RMDQ scores. Patient responders were defined as the cumulative proportion of patients who completed the 12-week double-blind period and achieved percentage pain reductions (ie, ≥30% and ≥50%) from the start of the open-label titration phase to week 12 of the double-blind treatment phase. The patient responder analysis was conducted using the Cochran-Mantel-Haenszel χ^2^ test.

Multiple sensitivity analyses were also performed for the primary endpoint, including ANCOVA models analyzing the imputed data using a single BOCF or LOCF. A mixed-effects model repeated measures (MMRM) method was applied to the primary efficacy variable. The primary efficacy variable was also analyzed for the per-protocol subset by multiple imputation and the MMRM method.

Patient-reported outcomes (eg, PGIC and RMDQ) were analyzed using ANCOVA in a similar fashion as the primary endpoint. Safety variables included frequency of AEs and occurrence of opioid withdrawal. The safety analysis was based on all subjects who received at least 1 dose of study medication. Descriptive statistics (number and percentage) for patients reporting AEs in each treatment group were tabulated.

3. Results {#s3}
==========

3.1. Patient disposition {#s3-1}
------------------------

Patient disposition is presented in Figure [2](#F2){ref-type="fig"}. Most of the patients (62.7%; 511/815) successfully completed the open-label titration phase; the most frequent causes of discontinuation were AEs (9.9%), lack of efficacy (7.7%), and protocol violations (5.3%). The first patient enrolled on September 6, 2012; the last patient completed follow-up on June 6, 2014.

![Patient disposition. BBUP, buccal buprenorphine; ITT, intent-to-treat. \*One patient proceeded straight to titration from screening. †One site (19 patients) was excluded from the efficacy analysis because of inadequate control of data quality but was included in the safety analysis.](jop-157-2517-g002){#F2}

In the double-blind treatment phase, 254 patients were randomized to the BBUP group: 221 (87.0%) on \<80 μg MSE, 26 (10.2%) on 80 to 120 μg MSE, and 7 (2.8%) on \>120 μg MSE. In total, 257 patients were randomized to the placebo group, but 1 did not receive double-blind study medication. Of the 256 remaining placebo patients, 216 (84.4%) were on \<80 μg MSE, 33 (12.9%) on 80 to 120 μg MSE, and 7 (2.7%) on \>120 μg MSE. Among patients who were randomized to BBUP and received double-blind study drug, the distribution of BBUP doses at the end of titration was 150 µg (n = 10 \[4%\]), 300 μg (n = 30 \[12%\]), 450 μg (n = 36 \[14%\]), 600 μg (n = 43 \[17%\]), 750 μg (n = 42 \[17%\]), and 900 μg (n = 93 \[36%\]) twice daily (BID). Discontinuation rates were 18.9% in the BBUP group and 42.8% in the placebo group. Notably, discontinuations due to lack of efficacy were 7.5% in the BBUP group and 23.7% in the placebo group. During the double-blind treatment phase, 1 patient in the BBUP group (0.4%) and 9 in the placebo group (3.5%) discontinued the study because of opioid withdrawal. The 1 BBUP patient who withdrew because of opioid withdrawal received 450 μg BBUP BID. All 9 placebo patients who discontinued the study because of opioid withdrawal had been receiving doses of BBUP ≥600 μg BID at the end of the dose-titration phase.

3.2. Demographics {#s3-2}
-----------------

Demographic characteristics were similar for the 810 patients in the safety population who entered titration and the 510 who were randomized and treated (Table [1](#T1){ref-type="table"}). Patient demographic data were representative of a CLBP population, with a mean age of 53 years, mean body mass index of 32.1 kg/m^2^, and the majority white (Table [1](#T1){ref-type="table"}). The randomized treatment groups were well balanced with respect to age, body mass index, and sex, as well as baseline pain-intensity scores (Table [1](#T1){ref-type="table"}).

###### 

Demographics and baseline clinical characteristics, randomized safety population.

![](jop-157-2517-g003)

3.3. Compliance {#s3-3}
---------------

Compliance was based on return film counts and overall was high throughout the study. During the open-label phase, only 6.2% of patients failed to meet the 80% compliance requirement. During double-blind treatment, 0.4% of BBUP and 2.3% of placebo patients were less than 80% compliant.

3.4. Efficacy {#s3-4}
-------------

### 3.4.1. Pain-intensity score {#s3-4-1}

At the end of the opioid taper period and before buprenorphine titration, patients reported moderate to severe pain (mean \[SD\] NRS pain-intensity score, 6.84 \[1.29\]; Table [1](#T1){ref-type="table"}). Pain decreased with buprenorphine such that in those patients randomized, the NRS score had decreased to a mean of \<3 (mild). The randomized-withdrawal design examines efficacy by comparing the increase in pain experienced by those randomized to placebo with those who continue on active study treatment. From baseline to week 12 (primary endpoint), mean (SD) NRS pain scores increased significantly more in the placebo group (1.92 \[1.87\]) than in the BBUP group (0.88 \[1.79\]), with a between-group difference (favoring buprenorphine) of −0.98 (95% CI, −1.32 to −0.64; *P* \< 0.001; Figs. [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}). Compared with patients in the placebo group, patients in the BBUP group had significantly lower pain scores at week 1 and at all subsequent weekly time points through week 12 (Fig. [3](#F3){ref-type="fig"}).

![Mean (SE) change from baseline in NRS pain intensity in double-blind treatment period (with imputed values). NRS, numerical rating scale.](jop-157-2517-g004){#F3}

![Primary, sensitivity, and supportive analyses of change from baseline to week 12 in numerical rating scale pain intensity in double-blind treatment phase. BBUP, buccal buprenorphine; BOCF, baseline-observation-carried-forward; LCL, lower confidence limit; LOCF, last-observation-carried-forward; MMRM, mixed-effects model repeated measures; PP, per protocol; UCL, upper confidence limit.](jop-157-2517-g005){#F4}

### 3.4.2. Sensitivity analyses {#s3-4-2}

All sensitivity analyses confirmed that pain control was superior in the BBUP group (Fig. [4](#F4){ref-type="fig"}) compared with the placebo group, including the MMRM (−1.15, *P* \< 0.001), LOCF (mean treatment difference, −0.97 \[95% CI, −1.27 to −0.66\]; *P* \< 0.001), and BOCF (mean treatment difference, −0.46 \[95% CI, −0.73 to −0.18\]; *P* = 0.001) analyses. For the per-protocol population, a statistically significantly smaller mean change in NRS pain-intensity score from baseline to week 12 of the double-blind treatment phase was seen in the BBUP group compared with the placebo group, with a mean treatment difference of −1.00 (95% CI, −1.36 to −0.64; *P* \< 0.001) on the primary efficacy analysis and −1.21 on the MMRM (*P* \< 0.001).

### 3.4.3. Secondary endpoints {#s3-4-3}

Patients who did not complete the 12-week study period were considered nonresponders. A significantly greater proportion of patients in the BBUP group compared with the placebo group were classified as responders based on achieving ≥30% pain reduction (BBUP group, 64.2%; placebo group, 30.6%; *P* \< 0.001) or ≥50% pain reduction (BBUP group, 39.5%; placebo group, 16.9%; *P* \< 0.001; Fig. [5](#F5){ref-type="fig"}). Consistent with this, the percentage of patients using rescue medication at week 12 was significantly lower in the buprenorphine group than in the placebo group (*P* \< 0.001).

![Proportion of responders with selected percentage pain reduction before open-label titration to week 12 in the double-blind treatment period.](jop-157-2517-g006){#F5}

Significant differences between groups were also observed for patient-reported outcomes. At baseline (ie, at randomization), the mean (SD) PGIC score was 5.4 (1.14) in the BBUP group and 5.3 (1.25) in the placebo group, indicating that patients perceived a benefit from treatment relative to study entry. Patient-reported impression of treatment benefit was significantly greater with BBUP: the mean (SD) PGIC score at week 12 was 4.5 (1.86) in the BBUP group vs 3.2 (1.98) in the placebo group (treatment difference, 1.3; 95% CI, 0.9-1.6; *P* \< 0.001). Ninety-six (39.7%) patients in the BBUP group vs 49 (20.6%) in the placebo group showed a clinically meaningful improvement as indicated by a response of 6 or 7 on the PGIC. Patients reported a significantly greater increase in disability in the placebo group. The mean change from baseline to end of treatment in RMDQ disability score was 0.5 (5.03) in the BBUP group and 1.6 (5.63) in the placebo group (HR, −1.20; 95% CI, −2.08 to −0.31; *P* = 0.008).

3.5. Adverse events {#s3-5}
-------------------

An overview of AEs is presented in Table [2](#T2){ref-type="table"}. During the titration period (mean \[SD\] duration of exposure, 38.7 \[16.53\] days), 60% of patients experienced 1 or more AEs, and 10.2% of patients discontinued because of AEs. Serious AEs were reported by 1.7% of patients during titration, and there were no deaths. During the double-blind period, AEs were reported by 48% of patients, and 5.1% discontinued because of AEs: 5 (2.0%) randomized to BBUP and 21 (8.2%) randomized to placebo. Serious AEs were reported by 1.6% of patients, and there were no deaths.

###### 

Overview of AEs during the open-label titration and double-blind phases.

![](jop-157-2517-g007)

The most frequent AEs are presented in Table [3](#T3){ref-type="table"}. The most common AEs during titration phase were those typically associated with opioids (nausea, constipation, vomiting, headache, dizziness, and somnolence). The incidence of drug withdrawal during this period was low at 1.2%. During the double-blind period, constipation and vomiting were reported more frequently on buprenorphine, whereas diarrhea, drug withdrawal syndrome, fatigue, and headache were reported more frequently with placebo. Notably, nausea was reported by a similarly low percentage of patients on buprenorphine (7.5%) and placebo (7.4%). There were no cases of accidental overdose and no AEs associated with misuse or abuse of the study medication. One patient in the BBUP group experienced an AE of dyspnea; no cases of respiratory depression were observed.

###### 

Most frequently reported (≥3% with buprenorphine treatment).

![](jop-157-2517-g008)

4. Discussion {#s4}
=============

A high percentage of patients with chronic pain receive opioids, with estimates ranging from 60% to 90%.^[@R4],[@R16],[@R40]^ The opioid-associated risks for misuse, abuse, addiction, respiratory depression, diversion, and other adverse effects limit the use of these drugs for the management of chronic pain. Although buprenorphine, like other opioids, is positively reinforcing, and therefore possesses some abuse liability, in opioid-experienced individuals, the risk of buprenorphine abuse is believed to be lower compared with other opioids.^[@R9],[@R55]^ Respiratory depression is an opioid titration--limiting factor.^[@R15]^ In addition, the activation of μ-opioid receptors in the gastrointestinal (GI) tract results in lowered gut motility, and constipation often becomes problematic with long-term use.^[@R4],[@R37]^

The pharmacologic properties of buprenorphine differentiate it from other μ-opioid receptor agonists. In particular, the partial agonist activity of buprenorphine results in a ceiling effect on opioid receptors associated with respiratory depression^[@R10],[@R14],[@R53]^ and may contribute to a lesser effect on GI motility.^[@R10]^ It has been suggested in previous studies that there may be an improved risk-benefit ratio with buprenorphine relative to other opioids.^[@R5],[@R25]^ However, the utility of buprenorphine as an analgesic has been limited by a perceived weakness in analgesic activity, particularly in patients requiring \>80 mg/d MSE.

The present double-blind, placebo-controlled, randomized-withdrawal study evaluated BBUP in patients with CLBP being treated with 30 to 160 mg MSE per day. The study used an enriched population that met the criteria for response to and tolerance of BBUP to determine the analgesic efficacy of buprenorphine buccal film relative to placebo. Patients entered the open-label titration phase with moderate to severe pain as indicated by their NRS pain assessments, and with a significant amount of self-perceived disability due to their CLBP (mean scores of approximately 15/24 on the RMDQ).^[@R7],[@R48],[@R49]^ Most of the patients were successfully titrated to an effective and tolerated dose that reduced pain to a mild level and reduced self-perceived disability. Randomized patients were first titrated to effect with buprenorphine and then either randomized to continue BBUP or switched to placebo. The fact that most of the placebo-treated patients completed 12 weeks of double-blind treatment would seem to indicate that most patients did not subjectively detect the switch from BBUP. Our study design is generally regarded as the most appropriate to minimize bias in patients who have experience with the drug class under study.^[@R26],[@R41]^ After randomization, mean pain scores increased significantly in the placebo group vs patients randomized to continue their stable dose of BBUP. The difference in analgesic effect was evident early and was sustained for the entire observation period. The treatment difference was significant at week 12 vs baseline (primary endpoint); all 6 sensitivity analyses were significant vs placebo, even with BOCF analysis (considered the most conservative approach; *P* = 0.002). On randomization, pain in the placebo group increased by approximately 2 points on the NRS scale, which is a clinically meaningful increase,^[@R22]^ whereas pain in those who continued double-blind BBUP increased by approximately 1 point, which is below the threshold for clinical significance. This between-group difference in change was highly statistically significant (*P* \< 0.001), indicating that BBUP-treated patients experienced a clinically significant improvement compared with their pain before treatment and, on randomization, maintained statistically significantly better pain control compared with placebo-treated patients. Moreover, twice as many patients on BBUP had an improvement of ≥30% compared with placebo-treated patients, and this result was also statistically significant (*P* \< 0.001) and a clinically meaningful response. In addition, this difference was statistically significant (*P* \< 0.001) whether a criterion of 30% or 50% pain reduction was used.^[@R22]^ The patient-reported measure of PGIC was also significantly different between the groups and clinically meaningful with 40% of BBUP patients reporting a PGIC of 6 or 7 (highest 2 response categories that are considered indicative of clinical improvement) vs only 21% of placebo patients.^[@R31]^

In a previous study, the buprenorphine transdermal patch demonstrated efficacy in opioid-experienced patients, but only in those previously treated with ≤80 mg/d MSE.^[@R51]^ In contrast, BBUP used in this study was effective in a population that included patients taking up to 160 mg/d MSE. One factor that may account for the efficacy observed in this study in patients requiring up to 160 mg/d MSE is the pharmacokinetics of buprenorphine based on different formulations, particularly the improved bioavailability (of approximately 50%) of BBUP. As a result, there is greater exposure (area under the curve) with BBUP,^[@R23],[@R24]^ and the dose range provides more flexibility to titrate to an optimal dose.

The efficacy data presented here are generally comparable with results observed with full μ-agonists in randomized, double-blind, placebo-controlled trials, including OROS hydromorphone extended release (ER; 12-64 mg once daily),^[@R27]^ oxymorphone ER (up to 130 mg BID),^[@R28]^ and single-entity hydrocodone (20-100 mg BID),^[@R45]^ in opioid-experienced patients with moderate to severe CLBP. Changes in pain-intensity scores more than 12 weeks relative to placebo were similar in magnitude to those observed with BBUP. Across the studies, the percentage of patients achieving ≥30% reduction in pain intensity at 12 weeks was comparable (61% with OROS hydromorphone ER, 68% with single-entity hydrocodone, 60% with oxymorphone ER, and 64% with BBUP in this study), as was the percentage of patients with ≥50% reduction in pain intensity (42% with OROS hydromorphone ER, 48% with single-entity hydrocodone, 48% with oxymorphone ER, and 40% with BBUP in this study).^[@R27],[@R42],[@R45]^ The efficacy data reported here with BBUP in opioid-experienced patients are also similar to results of a similarly designed trial assessing BBUP in opioid-naive patients with moderate to severe CLBP.^[@R46]^

In this study, discontinuations due to AEs were low in patients receiving BBUP (10.2% during the open-label titration period and 2.0% during the double-blind treatment period). Only 2 serious AEs (ileus and abdominal pain) considered related to BBUP occurred during the study, and no cases of respiratory depression were observed. The rate of opioid withdrawal syndrome was 1.2% in the open-label phase and 3.5% (n = 9) in the buprenorphine group during the double-blind phase (Table [3](#T3){ref-type="table"}), but only 1 patient discontinued double-blind buprenorphine treatment because of opioid withdrawal syndrome.

In this study, the frequency of constipation as an AE with buprenorphine was 2.8% during 12 weeks of double-blind treatment. By comparison, in the randomized-withdrawal phase 3 study that examined BBUP in opioid-naive patients with CLBP, 4% of patients had constipation.^[@R46]^ For other opioids, the frequency of constipation as an AE has been reported as 8% to ∼70%.^[@R1],[@R27],[@R32],[@R34],[@R45]^ Although rates as low as 6% have been reported, they were achieved using an active bowel regimen to reduce constipation. The low incidence of constipation with BBUP was achieved without a bowel regimen, although patients were certainly permitted treatment for constipation.^[@R28],[@R35]^ There may be a pharmacoeconomic value with buprenorphine because of reduced costs for treating constipation, which is a problem with all opioids.^[@R1],[@R33],[@R37],[@R38],[@R54]^

However, it is important to note that this study with BBUP was not a head-to-head trial; the potential clinical and pharmacoeconomic advantages of BBUP over other available opioid formulations with respect to reduced AEs (eg, constipation or respiratory depression) would need to be directly demonstrated in well-controlled studies. Another limitation, and one inherent to clinical trials, is the generalizability of the data. Clinical studies in opioid-experienced patients do not require taper of the patients\' opioid before conversion to a full μ-agonist. Although the population enrolled in this study was opioid experienced, only patients willing and able to taper their opioid treatment to ≤30 mg/d MSE were recruited and entered.

In summary, treatment with BBUP at doses up to 900 μg twice daily was found to be efficacious in controlling moderate to severe CLBP in an opioid-experienced population (30-160 mg/d MSE). BBUP was generally well tolerated. There was no evidence of respiratory depression in this large patient population. In addition, rates of opioid-associated GI AEs (nausea, constipation, and vomiting) were low, ranging from 3% to 8%. During open-label treatment, when opioid-experienced patients were switched from their current around-the-clock opioid to BBUP, the rate of drug withdrawal syndrome was low (∼1%). Furthermore, there was a high level of compliance with the buccal film. Patient satisfaction was indicated by the high percentage of completers and those that continued in the subsequent long-term safety study (NCT01755546).^[@R21]^

5. Conclusion {#s5}
=============

In opioid-experienced patients (requiring 30-160 mg/d MSE), BBUP (with approximately 50% bioavailability) at doses up to 900 μg twice daily produced analgesia superior to placebo over the 12-week, double-blind period with significant differences in PGIC, as well as percentages of patients with ≥30% or ≥50% reductions in pain. There were few differences between BBUP and placebo in the incidence of AEs including constipation, and there were no reports of respiratory depression.

Conflict of interest statement {#s6}
==============================

J. Gimbel has received investigator payments from Endo Pharmaceuticals and serves as a consultant for Endo. E. L.H. Spierings has received investigator payments from Endo Pharmaceuticals and was the recipient of an ISR grant from Endo. N. Katz has received payments for consulting for BioDelivery Sciences International. Q. Xiang is an employee and shareholder of Endo Pharmaceuticals. E. Tzanis is a former employee of Endo Pharmaceuticals. A. Finn is a former employee and a current shareholder of BioDelivery Sciences International.

Funding for research and editorial support was provided by Endo Pharmaceuticals Inc, Malvern, PA.

E. L.H. Spierings participated as an investigator in the study and presented the results as a poster entitled *"BEMA Buprenorphine Efficacy and Tolerability in Opioid-Naive Patients With Moderate-to-Severe Chronic Low Back Pain"* at the International Conference on Opioids, Boston, MA, June 7 to 9, 2015.

Sponsorships or competing interests that may be relevant to content are disclosed at the end of this article.

Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the journal\'s Web site ([www.painjournalonline.com](http://www.painjournalonline.com)).
